
A global analysis of 1 fb-1 of CDF Run II data

Vista
(Spanish, Italian)

panoramic view
model-independent 

Sleuth
(British)

detective
quasi-model-independent

CDF Collaboration          April 2007

1

This talk presents a global analysis of ~ 1 fb-1 of CDF Run II high-pT data.  An algorithm named “Vista” (Spanish or Italian for “view” 
or “sight”) focuses on obtaining a panoramic view of the entire high-pT data landscape, testing whether there are discrepancies in the 
bulk of the data.  An algorithm named “Sleuth” (British for “detective”) focuses on searching for an excess of data over Standard Model 
prediction at high pT.



What will the first sign of new physics be?

survey of physicists at 
Fermilab,  ~300 votes
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(proposed)

Although we have good reason to believe that the Standard Model is extended at or just above the electroweak scale, we do not know 
what form this new physics will take.  This pie chart shows (from a survey of over 300 students, postdocs, and faculty) what 
professional and aspiring physicists think may lie beyond the Standard Model.  Note that 25% of those surveyed think the first sign of 
new physics will be something unexpected (light purple wedge, not yet appearing in the literature), while another 8% think the first 
sign of new physics will be other (medium blue wedge, something appearing in the literature, but not one of the usual suspects).  
Given this uncertainty, it is clearly important to cast as wide a net as possible.
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Define physics objects

Filter events of interest
e

μ

j

b p p

Estimate backgrounds

Simulate detector response
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Fit for experimental & theoretical correction factors

Vista algorithm

The Vista algorithm begins by defining basic physics objects, using standard CDF particle identification criteria to identify energetic 
(pT > 17 GeV) and isolated electrons, muons, taus, photons, jets, b-jets, and missing transverse energy.  Vista then imposes an offline 
trigger to filter the roughly two million most interesting high-pT events.  Standard Model processes are estimated using a number of 
event generators, and the response of the CDF detector to these events is simulated.  

Recognizing that the calculation of the Standard Model prediction and the simulation of the detector response are both imperfect, a 
correction model is constructed to account for possible deficiencies.  This correction model, including object (mis)identification 
efficiencies and the effect of quantum corrections at higher order, is obtained from a global fit of Standard Model prediction to data.  
The correction model includes only 44 correction factors, all with intuitive physics interpretation.  The correction model is intended to 
be as crude (unsophisticated) as possible, in the interest of simplicity and transparency in the event of a possible discovery.  



Vista output
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(stat. uncertainty only)

CDF Run II preliminary (927 pb-1)

The output of Vista is a global comparison of CDF data to Standard Model prediction.  The top 7 out of 344 populated exclusive Vista 
final states are shown here.  The leftmost column shows each exclusive final state:  the top row shows events containing one tau and 
three reconstructed jets.  The total number of events observed in the CDF data is shown in the third column, and the number of 
events predicted from the Standard Model is shown in the fourth column, with an error corresponding solely to Monte Carlo statistics.  
The discrepancy between the number of events observed and the number of events expected is shown in units of standard deviations 
( ) in the fifth column, taking into account a trials factor of 344 Vista final states.  The sixth column shows the Standard Model 
processes contributing to the total Standard Model prediction.

A number of kinematic distributions are also available by clicking the “plots” link in the second column.  The discrepancy between data 
and Standard Model prediction in these kinematic distributions is quantified using the Kolmogorov-Smirnov (KS) statistic, shown in the 
rightmost column after accounting for the trials factor of nearly 17,000 distributions and translating the probability into units of standard 
deviations.



Vista 
output
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CDF Run II preliminary (927 pb-1)

This table shows a subset of the Vista@CDF comparison between Tevatron Run II data and Standard Model prediction.  Events are 
partitioned into exclusive final states based on standard CDF particle identification criteria.  Final states are labeled in this table 
according to the number and types of objects present, and are ordered according to decreasing discrepancy between the total number 
of events expected and the total number observed in the data.  (Final states that do not exhibit notable discrepancies have been listed 
in inverted alphabetical order, to allow the reader to quickly find a particular final state of interest.)  The error on the Standard Model 
prediction reflects statistical (Monte Carlo) uncertainty only.



Vista final state normalizations
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The amount (in units of standard deviation ) by which the number of events observed in each final state differs from the number of 
events predicted is shown here as a histogram for Vista s 344 populated exclusive final states.  The distribution is centered at zero 
with unit width.  One or more outliers was hoped for, but no outliers are seen.



Vista kinematic shapes
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The amount (in units of standard deviation ) by which the shape of data differs from Standard Model prediction is shown here as a 
histogram for each of 16,486 kinematic distributions considered by Vista.  The distribution is centered at zero with unit width, as 
expected.  Roughly 400 distributions show significant disagreement (>5 ).
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Sample discrepant distribution

Of the Vista@CDF distributions that show significant disagreement between data and Standard Model prediction, roughly 90% derive 
from the discrepancy shown in its purest form here, reflecting an apparent difference between the field s state-of-the-art showering 
algorithms and CDF data.  Significant effort has gone into trying to understand this discrepancy, with no conclusive result yet obtained.

A significant Vista discrepancy (such as this one) can motivate a new physics claim if an argument can be made that the effect:
1.  is not a statistical fluctuation (corresponding to a probability < 0.001 after the appropriate trials factor is accounted for);
2.  is not due to a problem with our modeling of the CDF detector response; 
3.  is not due to a problem with our implementation of the Standard Model prediction; and
4.  has a plausible new physics interpretation.

This Vista shape discrepancy certainly satisfies #1, and with high confidence also satisfies #2, but the case for new physics falters on 
#3 and #4.  None of the remaining Vista shape discrepancies is believed to have a plausible new physics interpretation.  



Sleuth

a quasi-model-independent search strategy for new physics

Assumptions:
1.  Exclusive final state
2.  Large pT

3.  An excess

0001001

present

(prediction) d(hep-ph)
Rigorously compute 

the trials factor 
associated with 

looking everywhere

Vista having found no discrepancy on which to base a new physics claim, attention is turned to the high- pT tails.  If Vista is described 
as being model-independent, Sleuth is perhaps best described as being quasi-model-independent, where “quasi” entails three 
fundamental assumptions:  that new physics will appear (1) predominantly in one exclusive final state, (2) at large pT, and (3) as an 
excess of data over Standard Model prediction.  These three assumptions follow by considering recent discoveries (including the top 
quark, upper right) and by performing an integration over new physics predictions from recent hep-ph postings (lower left).  Crucial to 
the algorithm is rigorously computing the trials factor associated with the many regions Sleuth considers (lower right).  A discrepancy 
corresponding to a probability < 0.001 after this trials factor is accounted for is considered to be statistically significant.



Sleuth Sensitivity 
Q:  Would Sleuth have
     found the top quark?
A:  Yes.  
     Expected Run II discovery
     luminosity ~80 pb-1

    (Run I discovery 67 pb-1)
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To test Sleuth s sensitivity, Sleuth searches the CDF Run II data with the full Standard Model prediction (upper left) and with the 
Standard Model prediction feigning ignorance of top quark pair production (lower right).  Sleuth easily identifies an excess in 1 fb-1 of 
CDF Run II data.

Scaling back the integrated luminosity of the sample (continuing to assume 2007 knowledge of backgrounds), Sleuth finds top quark 
pair production in an integrated luminosity comparable to that of Tevatron Run I.  Even if the top quark had not been known to exist, 
Sleuth likely would have found it in Tevatron Run I.

For a known Standard Model signal like top quark pair production (or Standard Model Higgs boson production), a targeted search is 
typically the best strategy.  Sleuth s strength lies in the possiblity of finding something genuinely surprising.



 Sleuth finds no significant 

excess in 1fb-1 of CDF Run II 

high-pT data

 46% of pseudo experiments are 

expected to be as interesting

 This does not prove there is no 

new physics present

Sleuth@CDFIIa 
result

(top 5)
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CDF Run II preliminary (927 pb-1)

The result of applying Sleuth to CDF Run II data is shown here.  The table shows Sleuth s top 5 final states, together with the fraction 
of pseudo experiments that would produce a region as interesting as the most interesting region observed in that final state.  The 
Sleuth bb  final state leads this list, followed by the monojet final state.  The third and fourth final states in this list contain events with 
an electron and muon of the same sign, missing transverse energy, and two or zero jets, respectively.  The fifth final state contains 
one identified tau, significant missing transverse energy, and zero or one reconstructed jets.  In the Sleuth bb  final state, a fraction 
0.0055 of pseudo experiments in this final state alone would produce something as interesting as what is observed.  After taking into 
account the roughly 100 Sleuth final states, the fraction of pseudo experiments that would produce a region in any final state as 

interesting as the most interesting region in this final state is =0.46, shown at upper right.  All pseudo experiments involve pseudo 
data drawn from the Standard Model prediction assuming an accurate detector simulation and Vista correction model.

Sleuth s result of course does not prove that there is no new physics present, merely that this particular search strategy does not find 
a discrepancy motivating a new physics claim.



Summary

A global analysis of 1 fb-1 of CDF Run II data has been performed

Vista
model-independent

searches the bulk of distributions

Sleuth
quasi-model-independent
searches the high- pT tails

This global analysis has revealed no new physics in 1 fb-1

Tevatron Run II will provide 10x more data yet to be searched
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A global analysis of ~ 1 fb-1 of CDF Run II data has been performed.  Vista provides a model-independent search of the 

bulks of distributions.  Sleuth provides a quasi-model-independent search for excesses at large scalar summed 

transverse momentum.  Sleuth is broadly comparable to targeted searches for models satisfying the assumptions on 

which Sleuth is based.  Sleuth may miss evidence for models that do not result in an excess of data above Standard Model 

prediction in some final state at large summed scalar transverse momentum.

This global search on ~ 1 fb-1 has revealed no indications of new physics.  (This result of course does not prove that no 

hint of new physics lies in these data, merely that no such hint has been revealed by this particular analysis.)  This global 

analysis will continue throughout the remainder of Tevatron Run II, aiming for discovery.

 


